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Comment Stephen J. Redding

One of the pieces of conventional wisdom about the US economy is its
decaying infrastructure. On a recent report card, the American Society of
Civil Engineers (ASCE) awarded US infrastructure a grade of D+. Accord-
ing to an article in the New York Times (John Holusha and Kenneth Chang,

Stephen J. Redding is the Harold T. Shapiro *64 Professor in Economics at Princeton Uni-
versity, a research fellow of the Centre for Economic Policy Research, and a research associate
and director of the International Trade and Investment Program at the National Bureau of
Economic Research.

I am grateful to Princeton University for research support. The usual disclaimer applies. For
acknowledgments, sources of research support, and disclosure of the author’s material financial
relationships, if any, please see https://www.nber.org/books-and-chapters/economic-analysis
-and-infrastructure-investment/comment-transportation-infrastructure-us-redding.



Comment 211

“Engineers See Dangers in Aging Infrastructure,” August 2, 2007), “many
of the nation’s 600,000 bridges are in need of repair or replacement. About
one in eight has been deemed ‘structurally deficient,” a term that typically
means a component of the bridge’s structure has been rated poor or worse,
but does not necessarily warn of imminent collapse.” While these views are
widely accepted in the public policy debate, they sit somewhat awkwardly
with the empirical evidence presented in chapter 3, which suggests that if
anything the condition of the US Interstate Highway System has improved
over the past 20-30 years. These findings raise the important question of
what explains this disconnect between the conventional wisdom and the
empirical evidence in chapter 3. Is the conventional wisdom simply factually
incorrect, in which case the evidence presented in this chapter will permit
a better-informed public policy debate? Alternatively, is there a political
economy explanation for the widely held perception of the poor state of
US transport infrastructure? Or do the official metrics on the conditions of
highways and bridges reported in chapter 3 provide an incomplete picture
of its state of health? Can past values of these official measures, for example,
predict known cases of bridge collapse or other failures of transport infra-
structure?

More broadly, this chapter makes three main contributions to our under-
standing of US infrastructure. First, the chapter documents the quantity
and quality of US roads, bridges, buses, and subways in each year in recent
decades. Second, the chapter investigates total expenditure and unit cost
for each type of infrastructure over this period. Third, it proposes a simple
theoretical framework that can be used to compare actual infrastructure
investments to alternative possible investments. In my view, all three of these
contributions are hugely valuable. The authors are undertaking a tremen-
dous public service in collecting together in one place comprehensive data
on the performance of the US transportation network and providing a trac-
table framework for evaluating the provision of different types of transport
infrastructure. As a result, I think that the chapter will be highly influential
and widely cited. In the remainder of my comments, I focus on three main
points. First, I review some of the evidence on infrastructure costs. Second,
I consider the issue of market failures and the potential divergence between
private and social marginal returns to alternative forms of transport infra-
structure. Third, I examine the benefits of infrastructure investments.

Beginning with infrastructure costs, this chapter and Mehrotra, Uribe,
and Turner (2019) replicate an earlier finding by Brooks and Liscow (2019)
of a substantial rise in total expenditure and construction cost per lane
mile of Interstate Highway since the early 1970s. When I first encountered
this finding, I thought that it had a natural explanation in terms of the
Balassa-Samuelson effect from macroeconomics. According to this explana-
tion, productivity growth in the manufacturing sector raises worker wages,
which bids up costs for nontraded sectors such as construction that use
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labor. However, this explanation is straightforward to rule out, because the
rise in Interstate construction costs is not driven by a rise in labor costs.
Another potential explanation could be that Interstate Highways today are
more likely than in the past to be built in urban locations with a higher cost
of land than rural locations. But the rise in Interstate construction costs is
also not explained by higher costs of land or by a range of other controls
for observable location characteristics relevant for construction costs, such
as terrain and topography.

Resolving this puzzle ought to be a major objective for the research lit-
erature and the public policy debate going forward. There remain several
plausible potential explanations on which further evidence is needed. For
example, the timing of the construction of different segments of the Inter-
state is likely to be nonrandom, giving rise to a selection problem. The first
segments of the Interstate to be constructed are likely to have been those
with highest benefits relative to costs. If later segments have lower benefits
relative to costs, and some of this decline in net benefits is explained by
higher costs, this could explain a rise in construction costs per lane mile of
Interstate Highways over time. Another potential explanation could be that
a lane mile of Interstate today is not the same as a lane mile of Interstate in
the past, so that we are not comparing like with like. For example, if there
is greater provision of sound walls or other features today than in the past,
and these features provide benefits such as lower noise or air pollution,
these benefits should be taken into account and weighed against the higher
construction costs.

A further possibility involves political economy considerations, such as
greater representation of the concerns of local residents over time. While
construction costs for some early segments of the Interstate were relatively
low, this could have come at the cost of adverse consequences for the neigh-
borhoods that they bisected. A famous example is the Cross-Bronx Express-
way in New York, which was driven through the heart of the Bronx, with
potential negative consequences for social and economic interactions within
this neighborhood. As argued in Brinkman and Lin (2019), resistance to
initial routes for Interstate Highways increased over time, and costly rerout-
ing of highways to reduce the negative disamenities to local residents could
in part explain rising construction costs over time. Again economic benefits
to local residents in terms of neighborhood preservation should be offset
against higher construction costs as part of a wider cost-benefit analysis of
the impact of Interstate Highway construction.

Turning now to the issue of market failure, the authors compare relative
expenditure and relative usage for different forms of transport infrastruc-
ture. They argue that the fact that we spend about the same amount on
public transit buses, which provide about two billion rides per year, as on the
Interstate System, which provides nearly a trillion miles of vehicle travel per
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year, should be central to the policy debate. I agree, and in drawing atten-
tion to relative levels of usage and government expenditure on different
forms of transport infrastructure, the authors perform a valuable service.
However, it would be useful to have more discussion earlier in the chapter
about market failures and their relevance for government expenditure on
alternative transport modes. This is a point of which the authors are well
aware. Indeed, the divergence between private and social marginal returns
to transport infrastructure features prominently in the theoretical model
developed toward the end of the chapter. Nevertheless, it would be useful
to emphasize up-front that the rationale for government intervention rests
on market failures and externalities. For example, if congestion pricing is
either technologically or politically infeasible, one could argue that the con-
gestion externalities from private car use contribute in part toward the case
for supporting public transit. Additionally, since public transit is dispro-
portionately used by individuals with lower income, one could argue that
income distributional considerations should also be taken into account in
evaluating the implications of government expenditure on alternative forms
of transport infrastructure.

In this context, although the authors have already undertaken an impres-
sive amount of work in assembling such comprehensive data on US infra-
structure, cross-country comparisons could be informative. For example,
given the extensive provision of public transit in many European countries,
one would conjecture that they devote relatively more government expen-
diture to public transit than the United States does. Does this imply that
relative expenditure is even more out of line with relative usage in these
countries than in the United States? Can the United States learn anything
from the European experience? Or do these differences in levels of public and
private transport provision between Europe and the United States reflect
two alternative equilibria? What is the role of local economic conditions,
such as population density, in influencing the case for government expendi-
ture on alternative forms of transport infrastructure? More broadly, what
are the implications of new technologies such as ride hailing (for example,
Uber and Lyft) and autonomous vehicles for government support for these
alternative transport modes?

Turning finally to the benefits of transport infrastructure, a growing
empirical and theoretical literature concerned with evaluating these ben-
efits has emerged in recent years. One of the key challenges in evaluating the
causal effects of transport infrastructure is that its placement is likely to be
nonrandom, such that locations that receive more transport infrastructure
could have developed more rapidly than other locations, even in the absence
of the transport infrastructure. To overcome this challenge, an important
strand of recent research to which the authors have been influential con-
tributors has exploited quasi-experimental variation in transport networks
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from, for example, strategic plans and historical exploration routes, includ-
ing Baum-Snow (2007), Baum-Snow et al. (2017), Duranton, Morrow, and
Turner (2014), and Duranton and Turner (2012).

Another key challenge is that transport infrastructure not only has direct
economic effects on the locations through which it is constructed but also
indirect effects on other locations, because of the reallocation of economic
activity or general equilibrium interactions in goods and factor markets.
To take account of these interactions and evaluate the real income effects
of transport infrastructure investments, another strand of recent research
has developed quantitative models of the spatial distribution of economic
activity, including Ahlfeldt et al. (2015); Allen and Arkolakis (2014, 2017);
Desmet, Nagy, and Rossi-Hansberg (2018); Donaldson (2018); Donaldson
and Hornbeck (2016); Fajgelbaum and Schaal (2017); Redding (2016); Red-
ding and Sturm (2008); and Tsivanidis (2018), as reviewed in Redding and
Rossi-Hansberg (2017). These quantitative spatial models are rich enough
to connect directly with central features of the observed data, such as gravity
equations for goods trade and commuting flows, and yet remain sufficiently
tractable as to permit transparent counterfactuals to evaluate the impact
of alternative possible transport infrastructure investments on the spatial
distribution of economic activity.

In the light of this recent research, it would be interesting to embed the
demand for transport in the theoretical model developed by the authors
in a richer quantitative structure that connects directly with the observed
data. For example, one simple approach could be to view transportation as
simply another economic activity that can be analyzed as a special case of
Hulten’s (1978) theorem. In particular, under the (strong) assumptions of
a representative agent, no distortions and a closed economy, the change in
aggregate real income (d In W) from a small shock to productivity (d1n A4,)
for an economy activity i can be evaluated as

(1) dInW = Y \dIn4,

where \, is the Domar weight (sales share) of economic activity i.

An advantage of this approach is that it can be used for either ex ante
evaluation before transport infrastructure investments are made or ex post
evaluation after these investments have been completed. A disadvantage is
that for large changes in transport infrastructure, equation (1) holds only
as a first-order approximation. More broadly, quantitative spatial models
provide a framework for evaluating the impact of transport infrastructure
investments on the spatial distribution of economic activity for both small
and large changes. An example is provided by Redding (2016), which consid-
ers amodel of trade in goods between locations connected by labor mobility.
In this setting, the general equilibrium of the model can be summarized by
two key equilibrium conditions: (1) goods market clearing such that income
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in each location equals expenditure on goods produced in that location;
(2) population mobility such that workers receive the same real income
across all populated locations.

An important property of these quantitative spatial models is that
the equilibrium conditions for a counterfactual transport infrastructure
improvement can be written solely in terms of variables that are observed
in an initial equilibrium (such as income and trade shares) and the assumed
impact of the change in transport infrastructure on goods trade costs (or in
other contexts on commuting costs or migration frictions). For example,
in Redding (2016), the counterfactual goods market clearing condition
(from the first equilibrium condition above) can be written as follows:

(2) 1/?215\\1}7 = 2 Ani’nniwnxnx:a
neN

where locations are indexed by i, n € N; w, denotes the wage; ¥, = w,L, is
income; L, is population; \, indicates the population share (\,= L,/ X, _\ L,);
;18 location n’s share of expenditure on goods produced by location i; and
a hat above a variable denotes its relative change between the counterfactual
equilibrium (denoted by a prime) and the actual equilibrium (no prime),
such that w; = w//w;,. The relative change in trade shares (fr,,) satisfies

m,(d, ‘4:71‘)76

ni.

ni
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where d,, = d,;/d

".1d, is the relative change in the costs of trading goods
between locations i and 7 as a result of the counterfactual changes in trans-
port infrastructure.

Similarly, the counterfactual population mobility condition that equates
real income across all populated locations (from the second equilibrium
condition above) can be expressed as follows:

(3 ) ﬁniwni

,ﬁ.;ﬁas/ﬂ)}\\;e(l—a)kn

4) NN, = . )
~ —(aelf)} —e(1—
ZkeNﬂki‘“ ))\kS( Ol)7\k

Given observed data on income (Y)), trade shares (m,;) and population
shares (\)) in an initial equilibrium and assumed changes in goods trade
costs from a counterfactual transport infrastructure improvement (c?m.), this
system of equations (2), (3), and (4) can be used to solve for unique counter-
factual changes in wages (1¥,), trade shares (#r,,), and population shares (X,) in
response to the transport infrastructure improvement. Using these solutions
for changes in wages, trade shares, and population shares, one can in turn
recover the change in real income across all locations. Therefore, through
embedding the demand for transport in the theoretical model developed by
the authors in a richer quantitative structure, the authors would be able to

connect more closely with the data used in the first part of the chapter and
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make richer quantitative statements about the impact of alternative forms
of transport infrastructure on the spatial distribution of economic activity
and real income.

Notwithstanding these comments and suggestions for future research, the
authors already have written a great chapter. They have performed a hugely
valuable public service in collecting together in one place comprehensive
data on the performance of the US transportation network and providing a
tractable framework for evaluating the provision of different types of trans-
port infrastructure. The chapter should greatly enlighten the public debate
about the current state of US infrastructure and the case for alternative
forms of transport infrastructure investment.

References

Ahlfeldt, G., S. Redding, D. Sturm, and N. Wolf. 2015. “The Economics of Density:
Evidence from the Berlin Wall.” Econometrica 83 (6): 2127-89.

Allen, T., and C. Arkolakis. 2014. “Trade and the Topography of the Spatial Econ-
omy.” Quarterly Journal of Economics 129 (3): 1085-140.

. 2017. “The Welfare Effects of Transportation Infrastructure Improve-
ments.” Dartmouth College.

Baum-Snow, N. 2007. “Did Highways Cause Suburbanization?” Quarterly Journal
of Economics 122 (2): 775-80.

Baum-Snow, N., L. Brandt, J. Henderson, M. A. Turner, and Q. Zhang. 2017.
“Roads, Railroads and Decentralization of Chinese Cities.” Review of Economics
and Statistics 99 (2): 435-48.

Brinkman, J., and J. Lin. 2019. “Freeway Revolts!” Federal Reserve Bank of Phila-
delphia Working Paper 19-29.

Brooks, L., and Z. D. Liscow. 2019. “Infrastructure Costs.” Available at SSRN
3428675.

Desmet, K., D. K. Nagy, and E. Rossi-Hansberg. 2018. “The Geography of Develop-
ment.” Journal of Political Economy 126 (3): 903-83.

Donaldson, D. 2018. “Railroads of the Raj: Estimating the Impact of Transporta-
tion Infrastructure.” American Economic Review 108 (4-5): 899-934.

Donaldson, D., and R. Hornbeck. 2016. “Railroads and American Economic
Growth: A Market Access Approach.” Quarterly Journal of Economics 131 (2):
799-858.

Duranton, G., P. Morrow, and M. A. Turner. 2014. “Roads and Trade: Evidence
from the US.” Review of Economic Studies 81 (2): 681-724.

Duranton, G., and M. A. Turner. 2012. “Urban Growth and Transportation.”
Review of Economic Studies 79 (4): 1407-40.

Fajgelbaum, P. D., and E. Schaal. 2017. “Optimal Transport Networks in Spatial
Equilibrium.” NBER Working Paper 23200. Cambridge, MA: National Bureau
of Economic Research.

Hulten, C. R. 1978. “Growth Accounting with Intermediate Inputs.” Review of Eco-
nomic Studies: 511-18.

Mehrotra, N., J. P. Uribe, and M. A. Turner. 2019. “Does the U.S. Have an Infra-
structure Cost Problem? Evidence from the Interstate Highway System.” Brown
University, mimeograph.




Comment 217

Redding, S. J. 2016. “Goods Trade, Factor Mobility and Welfare.” Journal of Inter-
national Economics 101: 148—67.

Redding, S. J., and E. Rossi-Hansberg. 2017. “Quantitative Spatial Models.” Annual
Review of Economics 9: 21-58.

Redding, S. J., and D. M. Sturm. 2008. “The Costs of Remoteness: Evidence from
German Division and Reunification.” American Economic Review 98 (5): 1766-97.

Tsivanidis, N. 2018. “The Aggregate and Distributional Effects of Urban Transit
Infrastructure: Evidence from Bogota’s TransMilenio.” University of California,
Berkeley, mimeograph.





